An Ellingham diagram is constructed from thermodynamic data and shown in Fig.S1 . It is evident that a temperature above 750 o C would lead to a full reaction of carbon with iron oxides, resulting in metallic iron. The reaction temperature of 1000 o C employed in this study is sufficiently high to reduce iron oxide into metallic iron by carbon. In addition to the solid products, CO and CO 2 are the gaseous products constantly removed by the carrier gas N 2 during the reaction.
Fig.S1 Ellingham diagram of Fe-C-O system

Battery assembly and testing
A simple planar button cell configuration was used for the battery test [1] . The RSOFC consisted of a tape-casted Sr-and Mg-doped LaGaO 3 (LSGM) electrolyte, a porous LSGM-supported Sm 0.5 Sr 0.5 CoO 3- (SSC)-Sm 0.2 Ce 0.8 O 1.9 (SDC) air-electrode prepared by infiltration of nitrate solutions [2] , and a Ni-CeO 2 cermet fuel-electrode, all homemade in our lab. The cell's active surface area was 1.3 cm 2 .
At the beginning of each test, the Fe/C ESM was first exposed to a mixture of 5% H 2 -N 2 to equilibrium at 550 o C, the electrochemical oxidation was stopped and the system was ready for the discharge-and-charge cycles.
A Solartron 1260/1287 Electrochemical System was employed to characterize the electrical performance of the battery under various operating conditions with software modules such as OCV-t, impedance spectroscopy, and galvanic cycles.
Other characterizations
The microstructures and compositions of the RSOFC and Fe/C ESM before and after tests were examined with a field-emission scanning electron microscope (FESEM, Zeiss Ultra) equipped with EDX. The sample was specially treated to prevent attraction of particles to the SEM lens. The surface areas and porosities of the Fe/C ESM before and after tests were analyzed by a Micromeritics ASAP 2020 -Surface Area Analyzer and Autopore IV Porosimeter, respectively. The phase purity of the ESM were also examined by powder X-ray diffraction (PXRD) with an X-ray diffractometer (D/max-A, Rigaku, Japan) and graphitemonochromatized CuK radiation (λ=1.5418 Å). The XRD scan was performed at a rate of 
Electrochemical Impedance Spectroscopy (EIS)
To investigate the root causes for the performance difference observed in the Fe/C-air and
Fe-air batteries, we studied the EIS spectra from both batteries before and after 100 th cycles. Fig.S3 shows that impedance spectra of the two batteries prior to cyclic testing are similar. It is not surprising that they used exactly the same type of RSOFCs. After the 100-cycle, however, the total ASR (area specific resistance) of the RSOFC with Fe/C-ESM increased by 11.5 Ω•cm 2 , much less than 44.5 Ω•cm 2 found for the Fe ESM. After reduction by H 2 , both
RSOFCs showed signs of recovery, but only the RSOFC with Fe/C ESM restored close to its initial performance. The ASR of RSOFC with Fe ESM was ~22 cm 2 , nearly twice the initial value. These comparisons suggest that the ESM has an effect on the performance of RSOFC.
Faster redox kinetics and better oxygen shuttling action between ESM and RSOFC can support a faster mass transfer and charge transfer in the fuel electrode of the RSOFC. 
Microstructures of the post-test ESM
The microstructure of Fe/C ESM after test is shown in Fig.S4 . Compositionally, there seems to be no significant difference between the darker and lighter particles (zone-1 vs zone-2), but carbon is clearly observed to concentrate on the surface (zone-3). The BET surface area of this post-test Fe/C-ESM is 10.5m 2 /g, slightly smaller than the initial value 12.5m 2 /g, suggesting little agglomeration of Fe-particles occurred during the battery test. XRD pattern. fuel-electrode and electrolyte [3] . Fig.S5 (d) shows that the double-layer anode still maintains a good porous structure with no detachment discerned.
Microstructures of the post-test RSOFCs
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